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Epitheliumis found in airways and other organs and is abnormal in cystic ﬁbrosis, polycystic
kidney disease and infectious diarrhea. Themolecular identity of Ca2+ activated Cl− channels (CaCC) in the airways
is still obscure. Bestrophin proteins were described to form CaCC and to regulate voltage gated Ca2+ channels. The
present Ussing chamber recordings on tracheas of bestrophin 1 knockout (vmd2−/−) mice indicate a reduced Cl−
secretionwhenactivatedby the purinergic agonist ATP (0.1–1 μM). As twoparalogs, best1 and best2, are present in
mouse tracheal epithelium,we examined the contribution of each paralog to Ca2+ activated Cl− secretion. Inwhole
cell patch-clamp measurements on primary airway epithelial cells from vmd2−/− tracheas, ATP activated Cl−
currents were reduced by 50%. Additional knockdown of mbest2 in vmd2−/− cells by short interfering RNA further
suppressedATP-induced Cl− currents down to 20% of thatobserved in cells fromvmd2+/+ animals.Moreover, RNAi-
suppression of both mbest1 and mbest2 reduced CaCC in vmd2+/+ cells. Direct activation of CaCC by increase of
intracellular Ca2+ was also reduced inwhole cell recordings of vmd2−/− cells. These results clearly suggest a role of
bestrophin 1 and 2 for Ca2+ dependent Cl− secretion in mouse airways.
© 2008 Elsevier B.V. All rights reserved.1. Introduction
Airway epithelia secrete electrolyte upon stimulation by secreta-
gogues, which activate Cl− channels through an increase in intracel-
lular Ca2+ or cAMP. cAMP and PKA activated cystic ﬁbrosis
transmembrane conductance regulator (CFTR) Cl− channels are well
established, and their channel properties and regulation have been
described in detail. Detailed information is also available for ligand-
gated channels (GABA/glycine receptors) or the CLC chloride channel
family [1]. In contrast, the molecular counterpart of Ca2+-activated Cl−
channels is still a matter of controversy [2]. The previously identiﬁed
CLCA proteins have not been unanimously accepted as Ca2+ activated
Cl− channels [3]. The genes hTTHY2 and hTTYH3 encode Ca2+-activated
maxi-Cl− channels (Tweety) and are unlikely to form epithelial small
conductance Ca2+ activated Cl− channels [4]. The group by Nathans et
al. proposed that a family of proteins known to play a central role for a
dominant form of macular dystrophy of the retina (Best disease),
comprises a new class of Ca2+ activated Cl− channels [5]. A series of
subsequent papers described the properties of bestrophin paralogs,
which were in good agreement with those found for native Ca2+
activated Cl− currents [6–11].
Although bestrophin 1 was also reported to be a regulator of
voltage gated L-type Ca2+ channels [12,13], whole cell recordings from9 0 941 4315.
nzelmann).
l rights reserved.cells heterologously expressing the four bestrophin paralogs clearly
pointed out to their function as Ca2+ dependent Cl− channels
(reviewed in [14]). Mutations in both human best1 and mouse best2
altered anion conductance and permeability and changed their
sensitivity to cysteine-reactive reagents [14]. Moreover best2 is a
molecular component of the Ca2+ activated Cl− channel in mouse
olfactory sensory neurons [15]. We reported previously a correlation
between best1 expression and Cl− currents activated through
stimulation of purinergic P2Y receptors in human and mouse
epithelial tissues [10]. In the present study on wt (vmd2+/+) and
best1 knockout (vmd2−/−) mice, we provide evidence that both best1
and best2 are necessary components of the ATP-induced Ca2+-
activated Cl− secretion in mouse airways. Bestrophins are therefore
important for regulation of the airway surface liquid ensuring an
adequate mucociliary clearance [16].
2. Material and methods
2.1. Mouse tracheal epithelial cells isolation
Best1-KO (vmd2−/−) mice (C57BL/6x129Sv) were a generous gift
fromMERCK Research Laboratories, 770 Sumneytown PikeWest Point,
PA, USA. Vmd2−/− and wild type (vmd2+/+) counterparts with the same
genetic background were sacriﬁced and tracheas were put in ice-cold
AECGM plus supplement that contained bovine pituitary extract
13 mg/ml, EGF 10 ng/ml, epinephrine 0.5 μg/ml, hydrocortisone
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thyronine 6.7 ng/ml. Media were further supplemented with 100 U/ml
penicillin, 100 μg/ml streptomycin, 3 μg/ml fungyzone, 50 μg/ml
chloramphenicol, 0.1 mg/ml kanamycin and 10% fetal bovine serum
(FBS). Tracheas were washed with media and opened longitudinally.
About 5 tracheas were incubated in AECGM-SM containing 1.5 mg/ml
pronase (Roche, Indianapolis, USA) for 18 h at 4 °C and the content was
collected by centrifugation at 420 g for 10 min at 4 °C. Cells were
resuspended in 200 μl/trachea in AECGM-SM (FBS free) containing
0.5 mg/ml crude pancreatic DNase I and 10 mg/ml Bovine serum
albumin (BSA). The cells were then incubated on ice-cold AECGM-SM
for 5 min, centrifuged at 420 g for 5 min at 4 °C and resuspended in
AECGM-SM with 10% FBS. Cells were seeded on bovine plasma
ﬁbronectin (Invitrogen, Karlsruhe, Germany) and bovine dermalFig. 1. Expression of bestrophins in mouse tracheal epithelium: (A) RT-PCR analysis of the 3 mo
mice. (B) Expression of best1 and best2 protein in tracheal epithelial cells fromwt (vmd2+/+) an
protein in vmd2+/+ and vmd2−/− cells at lower exposure time demonstrates reduced expressio
Detection of best2 in airways ofwtmice. Arrowheads indicate expression at the luminal side of t
50 μm.collagen (Cellon, Luxembourg) coated plastic dishes and incubated
for 3–4 h in 5% CO2 at 37 °C to adhere ﬁbroblasts. Experiments were
performed within 3–4 days after seeding.
2.2. mRNA expression of bestrophins in primary cultured cells
Total RNA was isolated from freshly isolated mouse tracheal cells
collected from a single mouse trachea using RNeasy Micro Kit columns
(QIAGEN, Hilden, Germany). cDNAwas obtained from reverse transcrip-
tion of total RNA (M-MLV Reverse Transcriptase, Promega, Mannheim,
Germany). RT-PCR was used to detect expression of mRNAs for
bestrophins. The oligonucleotide primers were designed for the mRNA
of each gene product (name, gene, accession number: sense and
antisense primer, size of PCR product): mbest1, vmd2, NM_011913: 5′-use isoforms of bestrophin (best1–3) in tracheas of wt (vmd2+/+) and best1-KO (vmd2−/−)
d best1-KO (vmd2−/−) mice. Note themuch higher levels of expression for best2. (C) best2
n of best2 in KO mice. (D) Detection of best1 in airways of wt mice but not in KO mice.
he tracheal epithelium. Control for best2was obtainedwithout primaryantibody. Scale bar
Fig. 2. Ca2+ activated Cl− secretion in mouse trachea: Ussing chamber recordings of the
transepithelial voltage (Vte) measured in mouse tracheas. Luminal application of 1 μM
ATP induced a negative voltage deﬂection and a short circuit current in tracheas of wt
(vmd2+/+) (A) and best1-KO (vmd2−/−) (B) mice. In both tissues the effect of ATP was
inhibited by DIDS (100 μM). (C) Summary of the short circuit currents activated by
100 μM ATP in wt and best1-KO mice and inhibition by DIDS. (D) Concentration-
response curves for the short circuit currents (Isc-ATP) activated by ATP in vmd2+/+ (wt)
and vmd2−/− (mBest1−/−) mouse tracheas. # indicate signiﬁcant difference between
vmd2+/+ and vmd2−/− tracheas (unpaired Student's t-test). ⁎ indicates signiﬁcant effects
of ATP and DIDS (paired Student's t-test). (n) = number of experiments.
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246 bp; mbest2, vmd2l1, NM_145388: 5′-GAGCTGTTATGTTTCCTGGG-
3′, 5′-GTAGCAACTTTAGGGCACTG-3′, 529 bp; mbest3, vmd2l3,
NM_001007583: 5′-CAACCTGACGTCCCTGCTC-3′, 5′-CTTCTT-
CATCTTGGGCAAAC-3′, 607 bp. Oligonucleotide primers for mβ-actin,
Actb NM_007393 were designed: 5′-CAACGGCTCCGGCATGTG-3′, 5′-
GTGGTGGTGAAGCTGTAGC-3′, 576 bp. PCR reactions were performed at
94 °C for 2 min, 32 cycles at 94 °C for 30 s, annealing temperature 60 °C
for 30 s and72 °C for 1min. All PCRproductswereveriﬁedby sequencing.
2.3. Antibodies
Afﬁnity puriﬁed polyclonal antisera were produced in rabbits
immunized with the peptide carrying either the mouse best1
(sequence AESYPYRDEAGTKPVLYE) or the mouse best2 (sequence
RAPAPPWLPSPIGEEEE) coupled to keyhole limpet hemocyanin
(Davids Biotechnologie, Regensburg, Germany).
2.4. Detection of mbest1 and mbest2 protein by Western blot
Protein was isolated from vmd2+/+ or vmd2−/− primary cultured
cells collected out of 5 pooled mouse tracheas using a buffer
containing (mmol/l): NaCl 150, Tris 50, DTT 100, 1% NP-40, and 1%
protease inhibitor cocktail (Sigma, Taufkirchen, Germany). Western
blotting was performed as described [10].
2.5. Ussing chamber recordings
Animal studies were conducted according to the German laws on
protection of animals. Experiments were carried out under open
circuit conditions, essentially as previously described [10].
2.6. Patch clamp
Primary cell culture dishes were mounted on the stage of an
inverted microscope (IM35, Zeiss) and kept at 37 °C. The bath was
perfused continuously with Ringer solution at about 10 ml/min.
Patch-clamp experiments were performed in the fast whole cell
conﬁguration. Patch pipette resistances were 2–4 MΩ, when ﬁlled
with a solution containing (mmol/l) KCl 30, K-gluconate 95,
NaH2PO4 1.2, Na2HPO4 4.8, EGTA 1, Ca-gluconate 0.758, MgCl2
1.034, D-glucose 5, ATP 3. Ca2+ activity was 0.1 μM and pH 7.2. The
access conductance was monitored continuously and was 40–
140 nS. Currents (voltage clamp) and voltages (current clamp)
were recorded using a patch-clamp ampliﬁer (EPC 7, List Medical
Electronics, Darmstadt, Germany), the LH1600 interface and PULSE
software (HEKA, Lambrecht, Germany) as well as Chart software
(AD-Instruments, Spechbach, Germany). Data were analyzed using
PULSE software. Membrane voltages (Vc) were clamped in steps of
10 mV from −50 to +50 mV relative to resting potential. Membrane
conductance Gm was calculated from the measured current (I) and
Vc values according to Ohm's law.
2.7. Downregulation of vmd2 and vmd2L1 expression by Stealth™ RNAi
Double stranded RNAi (25-nucleotide) were designed and synthe-
sized by Invitrogen (Paisley, UK). RNAi sense strands used to silence
vmd2 and vmd2L1 genes were respectively: 5′-CCCAUGGAACGUGA-
CAUGUACUGGA-3′, and 5′-GGAGCUGAAUGUGUUUCGGAGCAAA-3′,
corresponding to positions 1203 of the vmd2 and 682 of the vmd2l1
mRNA relative to the start codon. A scrambled sequence RNAi ds-
oligomer, not homologous to any known gene (BLOCK-IT™ Fluores-
cent Oligo) served as mock control. Transfection of mTEC cells was
carried out 1 day after seeding (Lipofectamine™2000, Invitrogen,
Germany) in Opti-MEM. Cells were used for patch clamping and
immunostaining within 48 h.2.8. Expression of mouse best1 in primary airway cells from vmd2−/−
animals
pcDNA3.1 vector carrying mbet1 cDNAwere kindly provided by Dr.
Criss Hartzell, (Emory University School of Medicine, Atlanta, GA,
USA). The plasmid was transfected (Lipofectamine™2000) in Opti-
MEM into vmd2−/− cells.
2.9. Immunocytochemistry
Tracheal tissues and primary cultured vmd2+/+ or vmd2−/− cells
were immunostained with mbest1 or mbest2 antibody as described
previously [10]. Brieﬂy, tissues and cells were respectively ﬁxed for
2 h and 30 min with 4% paraformaldehyde in 0.1 M cacodylate
buffer ph 7.4. Tracheas were dehydrated, embedded in parafﬁn and
cut at 4 μm on a rotary microtome (Leica Mikrotom RM 2165,
Wetzlar, Germany). Endogenous peroxidase activity was eliminated
by incubation in methanol with 3% H2O2 for 20 min. Sections and
cells were incubated overnight at 4 °C with rabbit anti-mouse best1
or best2 antibody diluted 1:10,000 and 1:250 respectively in Tris
buffer containing Triton X-100 (0.8%) and goat serum. Sections and
cells were incubated with horseradish peroxidase linked goat anti-
rabbit secondary antibodies (Amersham Pharmacia Biotech, Frei-
burg, Germany) and ABC technique was used to visualize the
labeling as described [17].
2.10. Materials and statistics
All compounds used were of highest available grade of purity from
Sigma (Taufkirchen, Germany) or Merck (Darmstadt, Germany). All
cell culture reagents were from GIBCO/Invitrogen (Karlsruhe, Ger-
many) except Airway Epithelial Cell Growth Medium (AECGM) and
SupplementMix that were from PROMOCell/Bioscience alive (Heidel-
berg, Germany). Student's t-test (for paired or unpaired samples as
appropriate) was used for statistical analysis of the data. Pb0.05 was
accepted as signiﬁcant.
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3.1. Expression of bestrophins and Ca2+ activated Cl− currents in mouse
trachea
Expression of all three bestrophin paralogs was detected in
tracheas of wt (vmd2+/+) mice by RT-PCR, Western blotting, and
immunohistochemistry, whereas best1-KO (vmd2−/−) mice lacked
best1 expression (Fig. 1). Notably, best2-protein was expressed at
much higher levels than best1-protein (Fig. 1B). Accordingly mRNA
for best2 was about 100 times more abundant than that for best1 asFig. 3. Activation of endogenous CaCC in tracheal epithelial cells from vmd2+/+ mice: Activatio
mice. Activation ofwhole cell currents in control cells (A), after incubationwith best1-RNAi (B)
tracheal epithelial (control) cells and cells treatedwithbest1-RNAi andbest2-RNAi.Negative co
best2 indicates downregulation of bestrophin expression by RNAi (upper panel). Western blo
(lower panel). (F) Summary i/v curves for ATP-inducedwhole cell currentsmeasured in control
Summary of the ATP (100 μM) induced whole cell Cl− conductances in control cells and cells tr
difference between cells treatedwith scrambledRNAor best1-RNAi andbest2-RNAi, respective
(n) = number of experiments.detected by real-time PCR. However, the absence of best1 expres-
sion in tracheas of best1-KO animals was paralleled by reduced
expression of best2-protein. The purinergic P2Y agonist ATP was
used to activate Ca2+ dependent Cl− secretion in Ussing chamber
experiments. Luminal application of 1 μM ATP activated a transient
short circuit current that was inhibited by the blocker of Ca2+
activated Cl− channels, DIDS (200 μM). The peak response to
stimulation by ATP (1 μM) was reduced in best1-KO animals
compared to wt mice (Fig. 2A, B). A signiﬁcant difference was
detected for an ATP concentration range of 0.1–10 μM ATP (Fig. 2C,
D). The reduced ATP-response in best1-KO tracheas is probably duen of whole cell currents by ATP (100 μM) in primary tracheal epithelial cells from vmd2+/+
or after incubationwith best2-RNAi (C). D) Immunostaining of best1 and best2 in primary
ntrolswere obtainedwithoutprimaryantibody. (E) Semiquantitative RT-PCR for best1 and
t for best1 in primary tracheal epithelial cells treated with scrambled RNA or best1-RNAi
cells and in cells treatedwith best1-RNAi, best2-RNAi or scrambled RNAi, respectively. (G)
eated with best1-RNAi, best2-RNAi or scrambled RNAi, respectively. # indicate signiﬁcant
ly (unpaired Student's t-test). ⁎ indicates signiﬁcant effect of DIDS (paired Student's t-test).
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receptor expression, because we found no difference for P2Y2-mRNA
in tracheas of vmd2+/+ and vmd2−/− animals (Supplement 1).
Moreover, ATP-induced Ca2+ increase was similar in vmd2+/+ (wt)
and vmd2−/− (KO) animals (Supplement 3).Fig. 4. Activationof endogenousCaCC in tracheal epithelial cells fromvmd2−/−mice:Activation o
Activation of whole cell currents in control cells (A), after incubation with best2-RNAi (B) or af
currentsmeasured in control cells and in cells treatedwith best2-RNAi or overexpressingmbest
treatedwith best2-RNAi or overexpressingmbest1 (left panel). Semiquantitative RT-PCR for bes
ATP (100 μM) induced whole cell Cl− conductances in control cells and cells treatedwith best2-R
cells treated with scrambled RNA or best2-RNAi, respectively (unpaired Student's t-test). ⁎ indi3.2. Contribution of best1 and best2 to Ca2+ activated Cl− conductance in
mouse airway cells
In order to quantify more precisely Ca2+ activated Cl− currents in
tracheas of vmd2+/+ and vmd2−/− animals, we measured whole cellfwhole cell currents byATP (100 μM) inprimary tracheal epithelial cells fromvmd2−/−mice.
ter overexpression of mbest1 (C). (D) Summary i/v curves for the ATP-induced whole cell
1. (E) Immunostaining of best1 and best2 in primary tracheal epithelial (con) cells and cells
t2 indicates downregulation of best2 expression by RNAi (right panel). (F) Summary of the
NAi, scrambled RNAi, or overexpressingmbest1. # indicate signiﬁcant difference between
cates signiﬁcant effect of DIDS (paired Student's t-test). (n) = number of experiments.
Fig. 5. Activation of Ca2+ dependent Cl− currents in tracheal cells fromvmd2+/+ (wt) mice
and vmd2−/− (KO) mice: (A) Activation of whole cell currents by 100 μM ATP and
inhibition by DIDS. (B) Current-voltage (i/v) relationships were obtained before
stimulation (○), at the initial phase after stimulation with ATP (S ), 10 s after initial
activation (●), and after inhibition by DIDS (◊). (n) = number of experiments.
Fig. 6. Direct activation of Ca2+ dependent Cl− currents by intracellular Ca2+ in tracheal
cells fromvmd2+/+ (wt) mice and vmd2−/− (KO)mice: Activation of whole cell currents in
vmd2+/+ cells by different concentrations of intracellular Ca2+ (A) and corresponding
current-voltage (i/v) relationships (B). Activation of whole cell currents in vmd2−/− cells
by different concentrations of intracellular Ca2+ (C) and corresponding current–voltage
(i/v) relationships (D). Note that Ca2+ concentrations higher than 1 μM have an
inhibitory effect. (n) = number of experiments.
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Cl− conductance was activated in wt (vmd2+/+) cells by stimulation
with ATP (100 μM), and was inhibited by 200 μM DIDS (Fig. 3A) as
well as the novel CaCC-inhibitor CaCCinh-A01 [18] (Supplement 5). In
order to assess the contributions of best1 and best2 to Ca2+ activated
Cl− currents, we used RNAi to silence best1 and best2 individually. It is
shown that both best1-RNAi and best2-RNAi attenuated ATP-induced
whole cell currents in mouse airway cells, while scrambled RNAi was
without any effect (Fig. 3A–C). We used immunocytochemistry and
semiquantitative RT-PCR to detect RNAi-silencing of best1 and best2
(Fig. 3D, E). As reported earlier, a substantial fraction of bestrophin
was found in the cytosolic compartment [11]. Moreover RNAi-
suppression of best1 could also be detected by Western blotting
(Fig. 3E, lower panel). The current/voltage relationships (Fig. 3F) and
summaries for the ATP-induced whole cell conductances (Fig. 3F)
indicated an approximate 50% inhibition of CaCC in cells treated with
either best1-RNAi or best2-RNAi. No obvious differences were found
for ATP-induced Ca2+ levels in vmd2+/+ and vmd2−/− animals
(Supplement 3). Moreover, attenuation of CaCC by best1-RNAi or
best2-RNAi was also observed for muscarinic stimulation (carbachol;
100 μM) (Supplement 2).
Primary airway epithelial cells isolated from vmd2−/− mice also
demonstrated that ATP activated a whole cell Cl− current, which was
blocked by DIDS (Fig. 4A). However, Ca2+ activated Cl− currents in
vmd2−/− cells were attenuated to about 50% (Fig. 4F), when compared
to currents observed in vmd2+/+ cells (Fig. 3G). Knockdown by best2-
RNAi further reduced the effect of ATP to about 20% of that observed in
the wild type (Fig. 4B, F). In contrast, overexpression of mBest1 in cells
from vmd2−/− animals enhanced the ATP conductance to nearly thesame level found in wt (vmd2+/+) cells (Fig. 4F). Efﬁcacy of best2-
suppression by RNAi was veriﬁed by immunocytochemistry and
semiquantitative RT-PCR (Fig. 4E). Moreover, cholinergic Cl− secretion
by carbachol was signiﬁcantly reduced in airway cells from vmd2−/−
animals, and was further attenuated after treatment with best2-RNAi
(Supplement 2). These results further support the concept that both
bestrophin 1 and 2 are essential for Ca2+ dependent Cl− secretion in
mouse airways.
3.3. Best1 may enable Cl− secretion by supporting Ca2+ signaling
Stimulation by ATP leads to an initial release of Ca2+ from the
endoplasmic reticulum through the phospholipase C/IP3 pathway,
which is followed by an extracellular Ca2+ inﬂux through store-
operated Ca2+ channels.We compared the time course for activation of
whole cell Cl− currents by ATP and found that for vmd2+/+ cells (wt), an
initial outwardly rectifying current (open squares) was followed by a
linear current with a pronounced inward component (ﬁlled circles)
(Fig. 5A). A linear i/v relationship of the Ca2+ activated Cl− current
suggests a high intracellular Ca2+ concentration in the close proximity
of the Cl− channel [19]. When compared to wt cells, the i/v curve for
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outwardly rectifying and did not show a pronounced inward
component (Fig. 5B). This may indicate a lower intracellular Ca2+
concentration close to the Cl− channel in vmd2−/− cells, and may
therefore suggest a role of best1 for regulation of Ca2+ release or inﬂux
pathways, as suggested in earlier reports [12,13]. These putative
differences in compartmentalized Ca2+ could not be resolved in Fura-2
measurements of cytosolic Ca2+ (Supplement 3). Thus more work is
needed to examine a putative role of bestrophin 1 for regulation of
compartmentalized Ca2+ signaling.
Differences in current rectiﬁcation between cells fromvmd2+/+ and
vmd2−/− were not observed when Cl− currents were activated directly
by high intracellular Ca2+ concentrations in the patch pipette ﬁlling
solution, although the currents were smaller in airway cells from
vmd2−/− mice (Fig. 6). Here 1 μM Ca2+ activated linear Cl− currents in
both vmd2+/+ (wt) and vmd2−/− (KO) cells, while 0.1 μM Ca2+ activated
an outwardly rectifying Cl− current in both cell types (Fig. 6). However,
the magnitude of the Cl− current was reduced in vmd2−/− cells.
Notably, higher Ca2+ concentrations (10 μM) induced a rundown of the
Ca2+ activated Cl− current, a phenomenon that has been described
earlier [7]. Taken together, Ca2+ activated Cl− secretion and whole cell
currents are reduced in the airways of vmd2−/− mice which may
underline the importance of this protein for maintaining the airway
surface liquid.
4. Discussion
The present data reveal that both best1 and best2 are components
of the endogenous Ca2+ activated Cl− current found in mouse
respiratory epithelium. Western blot analysis and immunohistochem-
istry revealed low expression levels for best1, but much higher levels
for best2. Negative stainings for best1 and missing detection of best1
in Western blots from vmd2−/− tracheas indicate speciﬁc labeling by
our best1 antibody. As best1 expression is very low in mouse trachea,
it is difﬁcult to say whether the protein is expressed in the luminal
membrane or in a compartment close to the membrane. The situation
is somewhat different for best2, which is expressed in mouse airways
at much higher mRNA and protein levels. It appears to be localized
within in the luminal membrane. Membrane staining of best2 was
also reported in cilia of mouse olfactory sensory neurons [15].
Moreover, recently best2 was proposed to be the Ca2+ activated Cl−
channel in salivary glands [20].
We examined the role of best1 and best2 for purinergic stimulation
of Cl− secretion, since in mice purinergic control of mucociliary
clearance is important due to the low level of CFTR expression−
channels [21]. As P2Y2 is the most abundant receptor, 85% of the ATP
stimulated Cl− secretion is lost in P2Y2 deﬁcient mice [22]. However
expression of P2Y2 is unchanged in tracheas of vmd2−/− mice and
cytosolic Ca2+ increase by ATP is similar in airway cells from vmd2+/+
and vmd2−/− mice (Supplements 1 and 3). Physiological ATP concen-
trations in the airway surface liquid probably never exceed 1 μM [23].
Around this concentration a difference was found for the ATP-induced
Cl− secretion between wt and best1-KO animals in Ussing chamber
experiments. In more quantitative whole cell patch-clamp measure-
ments on primary tracheal epithelial cells, the present data disclosed a
remarkable difference in the magnitude and characteristics of the ATP
activated whole cell Cl− current between wt and best1-KO mice. The
differences were smaller for currents in excised inside out membrane
patches and did not reach signiﬁcance in this study (Supplement 4).
The results support the previous ﬁnding that best1 enables Ca2+
dependent Cl− secretion in mouse airways [10] and supply some hints
that best1 may have a role for compartmentalized Ca2+-regulation of
Cl− channels. Since Ca2+ signaling and activation of Cl− currents are
intimately connected, it is difﬁcult to examine both putative functions
of best1 separately. Along this line it should be noted that compart-
mentalized Ca2+ signaling is important for channel regulation, ratherthan changes in total cytosolic Ca2+ concentrations [24]. In factwewere
not able to resolve differences in peak and plateau Ca2+ increases
between vmd2+/+ and vmd2−/− cells, using the Ca2+ dye Fura-2
(Supplement 3). Subsequent studies will be needed to examine the
putative role of bestrophins for spatio-temporal Ca2+ signaling.
A rather weak expression of best1 in mouse airways, along with a
lack of a disease-phenotype in best1-KO animals, challenges the
question of the importance of this protein for airway secretion and
regulation of the airway surface liquid. Although best2 is expressed
at much higher levels, both best1 and best2 clearly contribute to the
Ca2+ activated, i.e. ATP-induced Cl− conductance in mouse airways.
Ongoing studies along with a previous report [5] show that both
proteins interact with each other. Interestingly, the present results
also show that expression of best2-protein is reduced in best1-KO
animals. This suggests a co-regulation of bestrophin proteins, which
will be examined more closely in best1/best2 double-knockouts in
the near future [14].
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